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Abstract

Indoor air pollution (IAP) caused by cooking has been associated with lung cancer risk in 

retrospective case-control studies in developing and rural countries. We report the association of 

cooking conditions, fuel use, oil use and risk of lung cancer in a developed urban population in a 

prospective cohort of women in Shanghai. A total of 71,320 never smoking women were followed 

from 1996 through 2009 and 429 incident lung cancer cases were identified. Questionnaires 

collected information on household living and cooking practices for the women’s three most 

recent residences and utilization of cooking fuel and oil, and ventilation conditions. Cox 

proportional hazards regression estimated the association for kitchen ventilation conditions, 

cooking fuels, and use of cooking oils for the risk of lung cancer by hazard ratios (HR) with 95% 

confidence intervals (95% CI). Ever poor kitchen ventilation was associated with a 49% increase 

in lung cancer risk (HR: 1.49; 95% CI: 1.15–1.95) compared to never poor ventilation. Ever use of 

coal was not significantly associated. However, ever coal use with poor ventilation (HR: 1.69; 

95% CI: 1.22–2.35) and twenty or more years of using coal (HR: 2.03; 95% CI: 1.35–3.05) was 

significantly associated compared to no exposure to coal or poor ventilation. Cooking oil use was 

not significantly associated. These results demonstrate that IAP from poor ventilation of coal 

combustion increases the risk of lung cancer and is an important public health issue in cities across 

China where people may have lived in homes with inadequate kitchen ventilation.
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Introduction

In China, the estimated age-adjusted death-rate of lung cancer was 33.5 per 100,000 in 2008 

according to a WHO report1. Lung cancer incidence has been on the rise in less-developed 

countries2. Approximately 18% of worldwide cancer deaths were lung cancer deaths, many 

of which are preventable3 and largely attributable to tobacco use4. However, Asian women 

have a relatively high lung cancer rate compared to women of other ethnicities, despite low 

prevalence of smoking5.

Air pollution contributes to lung cancer risk, particularly in large urban cities where 

residential sources of air pollution contribute to poor air quality6. In particular, indoor air 

pollution (IAP) from coal use in homes is a lung cancer risk factor7, 8 and is an IARC class 1 

carcinogen9. IAP is a major concern in less developed countries where biomass fuels are 

used for cooking and heating10. Indoor coal burning increases particulate matter (PM)11, 

polycyclic aromatic hydrocarbons (PAHs), and heterocyclic aromatic compounds12 in the 

air, which are associated with lung toxicity and cancer risk. Coal burning has been strongly 

associated with lung cancer risk in previous studies of rural and developing populations with 

high exposure13, 14 and poor home ventilation can increase exposure to carcinogenic 

particulates which elevates lung cancer risk8.

Besides coal, cooking oil emissions is another source of poor indoor air quality which may 

contain various genotoxins and mutagens15–19. Studies conducted in China and Taiwan have 

identified cooking oil fumes that contain PAHs in crudely refined cooking oils16, 18, 19. 

Some volatilized oils, such as olive and peanut, are low in PAHs compared to others such as 

soybean or rapeseed20. Trans-2,4-decadienal (tt-DDE), found in cooking fumes, can induce 

cell proliferation and cytokine production from oxidative stress21–23. Previous studies have 

suggested a dose-response relationship between lung cancer risk and years of cooking fumes 

exposure, particularly with high temperature frying which volatilizes cooking oils24, 25. 

Chinese-style cooking often involves volatilization of oils, potentially exposing people to 

more fumes than cooking methods from other regions of the world26.

Environmental tobacco smoke (ETS) has also been linked to lung cancer risk in non-

smoking women27. Smoking prevalence in China is very high (>28%), so the likelihood of 

ETS exposure is very likely, particularly among middle-aged married women since the 

prevalence of smoking is above 60% in middle-aged men (45–64)28, and this exposure could 

lead to an elevation of lung cancer risk. Gene-environment interaction may make Asian non-

smoking women susceptible to ETS exposure29.

Previous studies on fuel use, ventilation, indoor air quality, and lung cancer risk were case-

control studies24, 30–37. However, few studies were conducted in urban areas where rapid 

socioeconomic development led to substantial modernization in kitchen ventilation and fuel 

use30, 31, 37. In contrast to previous studies, we assessed the association of indoor air quality 
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and lung cancer risk due to cooking conditions and practices in a prospective, more 

developed, and urban population, the Shanghai Women’s Health Study cohort.

Materials and Methods

Study Population

The Shanghai Women’s Health Study cohort has been described in detail38. Briefly, a roster 

of 81,170 women, ages 40 to 70 years, was obtained from the resident offices in seven 

communities located in urban Shanghai, China. A total of 75,221 (92.7%) women 

participated in the study and completed baseline surveys between 1996 and 2000. Of those, 

we excluded 279 women who were found to be younger than age 40 years or older than age 

70 years, 1,490 women who had prevalent cancer and 10 women who did not accrue any 

follow-up time, as well as 2043 women who were found to be ever smokers (1+ 

cigarette/day for 6+ months). The remaining cohort of 71,320 women was followed through 

December 2009 with in-person surveys and periodic linkage to cancer and vital statistics 

registries. A total of 429 lung cancer patients (ICD-9 Codes 162.1–162.9) was diagnosed 

during the follow-up period. All participants gave informed consent and the protocols used 

were approved by the institutional review boards of all institutions.

Data Collection and Follow-up

Information on household residences was collected in the baseline survey using a 

standardized and structured questionnaire with assistance and quality checks from a trained 

interviewer. Each subject was asked about each of the three most recent residences lived 

(duration), cooking fuel used (gas, coal, other), cooking oil used (soybean, vegetable, 

combination of soybean/vegetable, other), kitchen ventilation condition (good, fairly good, 

poor), smoking patterns at home (active smoking, husband smoking, other household 

residents), and coworker smoking habits at work (ever/never). From this information, years 

of use of each fuel and oil were calculated which covered approximately 75% of the cohort’s 

entire residential history. Additional information on employment and demographics was also 

collected at baseline.

The most recent follow-up occurred from 2007–2009. Newly diagnosed cancer cases were 

ascertained through biennial re-contact as well as record linkage to the Shanghai Cancer 

Registry; cancer registration is legally mandated in Shanghai, China. Information on date 

and hospital of diagnosis was collected. For patients whose diagnostic information could not 

be obtained from the cancer registry, medical charts and pathology slides were collected 

from diagnostic hospitals and reviewed by two study cancer pathologists to verify the 

diagnosis. In addition, the death certificate data from the Shanghai Vital Statistics Unit were 

collected to identify cause of death for deceased participants.

Statistical Analysis

Person-years for each subject were calculated from enrollment until lung cancer diagnosis, 

date of death, or the end of follow-up (December 31, 2009), whichever came first. The time 

scale was age at entry until end of study or loss to follow-up (censored) or event (lung 

cancer), and results are presented as hazard ratios (HR) with 95% confidence intervals (95% 
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CI) from Cox proportional hazards regression to estimate the relative risk of lung cancer for 

ventilation, cooking fuel, or oil use categories. Kitchen ventilation condition (good/fairly 

good/poor), cooking fuel (gas, coal/coke balls), and oil use variables (vegetable, soybean, 

blend of soybean and vegetable, peanut) were calculated up through the most recent 

available information (baseline interview date for household conditions) and considered 

fixed through the end of follow-up.

Characteristics of the population were compared between ever and never poor ventilation 

using t-test for continuous and chi-square test for categorical variables. Kitchen ventilation 

(poor ventilation compared to good/fairly good ventilation), cooking fuel (coal compared to 

gas), and oil variables (vegetable compared to soybean, blend, peanut; soybean compared to 

vegetable, blend, peanut) were then individually evaluated in the models as the main effect 

for ever use, duration of time used, and time period of use. Also, we conducted a lagged 

analysis for the duration of time used by removing the most recent 10 years of exposure 

(effectively fixing exposures to 10 years prior to baseline) to identify if the most recent 

exposure contributed to lung cancer risks. In models that assessed both cooking fuel and 

ventilation conditions, the interaction term was the cross-product of the ventilation and coal 

variable. To test the proportional hazards assumption, we tested the interaction term for 

years of ventilation, years of fuel use, or years of cooking oil use and the natural log of age 

from enrollment; P-values were greater than 0.05, consistent with the assumption of 

proportional hazards. Each model was adjusted for age (continuous), education (elementary 

school, middle school, high school, college and beyond), family income (<10,000 yuan, 

10,000–20,000 yuan, 20,000–30,000 yuan, >30,000 yuan), environmental tobacco smoke 

(ever/never), family history of lung cancer (yes/no), history of non-malignant lung disease 

(any one of asthma, bronchitis, tuberculosis), and occupational history (technical, 

governmental, administrative, manufacturing). Additionally, the possibility of a non-linear 

relationship between ventilation years and coal use years and lung cancer risk was assessed 

with the likelihood ratio test and restricted cubic splines utilizing the SAS LGTPHCURV9 

macro by Li et al39. Five knots were fitted to the model. All significance tests were 

performed with a two-sided Wald chi-square at significance of 0.05. All analyses were 

performed in SAS 9.22 (SAS Institute, Inc. Cary, NC).

Results

The demographic characteristics of the Shanghai Women’s Health Study are presented in 

Table 1. Women who had poor ventilation were more likely to have been older, worked in a 

manufacturing occupation, have lower family income, be less educated, have no history of 

benign lung disease and be exposed to ETS (P-values < 0.0001). The majority of women in 

this cohort have cooked with coal in their lifetime, but women who ever lived in a home 

with poor ventilation were more likely to have used coal than women who never lived in a 

home with poor ventilation (84.9% versus 57.5%, P-value <0.0001). Family history of lung 

cancer and soybean oil use was not significantly different between people who ever had 

poor ventilation and those who never did. Few women (<3%) ever used vegetable oil for 

cooking, whereas nearly all women (>89%) had used soybean oil.
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The associations of lung cancer risk with cooking coal use and kitchen ventilation are 

presented in Table 2. Ever having poor kitchen ventilation compared to never having poor 

kitchen ventilation was associated with a 49% increased risk of lung cancer (HR: 1.49; 95% 

CI: 1.15–1.95). Women who lived in a home with poor ventilation during both childhood 

and adulthood had a 69% elevated risk of lung cancer compared to women never exposed to 

poor ventilation during their lives (HR: 1.69; 95% CI: 1.19–2.42). Ever use of coal was not 

significantly associated with risk of lung cancer. However, with poor ventilation, exposure 

to coal (HR: 1.69; 95% CI: 1.22–2.35), particularly twenty or more years of using coal (HR: 

2.03; 95% CI: 1.35–3.05), and exposure throughout childhood and adulthood (HR: 2.03; 

95% CI: 1.34–3.07) was strongly associated with lung cancer risk compared to women never 

exposed to coal or poor ventilation. Additionally, 10 year lagged analyses and stratified 

analyses of kitchen ventilation and cooking fuel by ETS, occupation, income, education, and 

birth year did not show substantial heterogeneity (data not shown). Analyses of cooking oils 

were unremarkable as nearly all women used soybean oil and few women used vegetable 

oil; these results are presented in Supplemental Table 1.

Figure 1 shows the effects of poorly ventilated coal years on lung cancer risk. The graph 

demonstrated a monotonic increase in the risk of lung cancer as the exposure years increased 

and the relationship appeared to be linear. The relationship did not achieve statistical 

significance for non-linearity (P-value: 0.97).

Discussion

In this large prospective study of kitchen ventilation, cooking fuels, and cooking oils in 

never smoking women in Shanghai, coal use in poorly ventilated conditions was associated 

with an increased risk of lung cancer, and the strength of association increased with years of 

exposure. The association was strongest in women with both coal use and poor kitchen 

ventilation during both childhood and adulthood. Consistent with previous studies24, 30–37, 

poor indoor air quality was found to elevate lung cancer risk in our prospective cohort study. 

Conversely, we observed no elevated lung cancer risk associated with cooking oil use.

As development of urban areas in China continues, our data suggests indoor air conditions 

appear to be improving over time (63% of study population reported ever coal use and 20% 

of study population reported ever poor ventilation compared to 1% and 3% at baseline, 

respectively), but there may still be individuals living in Shanghai with current coal use 

and/or poor ventilation. In urban Shanghai, women with the least education and lowest 

family income were more likely to have lived in homes with poor ventilation and used coal 

for cooking (Spearman correlation: −0.12, P-value < 0.05) than more educated or higher 

income women. Therefore, in Shanghai as well as the rest of the developing China, efforts to 

reduce poverty could help improve cooking conditions in kitchens and reduce IAP and lung 

cancer risk.

In our study, over 70,000 women from various socioeconomic backgrounds were followed 

over time to estimate trends of coal use and home ventilation in the general population. We 

found that women who had poorly ventilated kitchens and used coal (about 60% of the study 

population ever used coal) for cooking had an increased risk of lung cancer. The strongest 
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effects were observed in women exposed for more than 20 years and throughout both 

childhood and adulthood, suggesting longer duration of exposure increases the risk of lung 

cancer. Inadequate ventilation of kitchens could expose individuals to coal emissions 

containing carcinogens such as PAHs compounds12, 15–19. These PAHs can begin the 

process of carcinogenesis once activated by binding covalently to DNA, forming 

depurinating adducts and cause oxidative damage40. Genotoxicity resulting from PAH 

exposure is a gradual process with a long latency period prior to development of cancer41. 

Risk of lung cancer was highest in women with the longest duration of poor ventilation and 

coal use and most exposures began in earlier/older homes. Even women who ever but no 

longer used coal or had poor ventilation had an elevated risk of lung cancer compared to 

women with never exposure, resembling the elevated cancer risk pattern in former 

smokers42.

We also conducted stratified and restricted analyses by potential confounders such as 

occupation, ETS, income, and education to assess if they were concordant with kitchen 

ventilation or coal use patterns, which would explain the observed associations with lung 

cancer risk. Occupational exposures may influence lung cancer risk43. However, few women 

(~2.2%) in this population worked jobs (wood/paper and leather processing) that were 

significantly associated with elevated risk of lung cancer. We conducted a sensitivity 

analysis that excluded all manufacturing workers (49.8% of the women in this study) and the 

coal, ventilation, lung cancer risk associations did not change meaningfully. Stratifying 

analyses by occupational classification also did not reveal differential results by stratum 

(data not shown). Income and socioeconomic status could be concordant with coal use and 

kitchen ventilation conditions. Coal use and poor kitchen ventilation were negatively 

associated with income and education in linear regression models (adjusted for age, P-values 

< 0.0001). However, stratified analyses by income group did not reveal substantial 

heterogeneity in the effect estimates of coal use and poor kitchen ventilation on lung cancer 

risk. Further, excluding women in the lowest income group (<10,000 yuan) in a restricted 

analysis did not change the overall associations observed (data not shown). ETS was 

associated with lung cancer-related mortality in this cohort44. The effect estimates for 

ventilation and coal use did not differ more than 10% when adjusted by several ETS 

measures (eg. ever exposed to ETS, husband smoking status, years exposed to smoking at 

home), nor were the effect estimates substantially different from one another in stratified 

analyses by these ETS variables (ie. all P-interaction > 0.05). However, these ETS metrics 

may not fully capture all exposures to ETS, and there may still be some residual 

confounding. But ETS is unlikely to account for the entirety of the associations observed as 

ETS accounts for approximately a 24% elevation in lung cancer risk45. We also conducted 

analyses for each age group/cohort which did not reveal any differential effects across strata; 

poor kitchen ventilation and coal use were present across all age cohorts and the elevation of 

risk was consistent across all age groups.

To the best of our knowledge, this is the first prospective report of the association between 

kitchen ventilation and coal use with lung cancer risk in an urban city that has developed 

significantly over the past 20 years. Of the retrospective studies reporting indoor air quality 

and lung cancer risk in an urban population, one case-control study was conducted in the 

past 10 years in non-smoking women in Taiyuan, China which suggested an inverse 
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association between kitchen ventilator use and the risk of lung cancer. However, Taiyuan 

was less developed than Shanghai and many women reported current exposure37, rather than 

past exposures as in our study. Other studies were either conducted before Shanghai 

underwent substantial development30 and/or had a case-control design30, 31.

The primary strengths of this study originate from the prospective nature of the Shanghai 

Women’s Health Study. This cohort had high participation rates (92%), and little loss to 

follow-up, minimizing biases inherent to case-control and retrospective studies (e.g. recall 

bias). Unique to this study population, the women in this study were non-smokers and lived 

in urban Shanghai, not rural regions of China where many of the previous studies of coal use 

and lung cancer risk were conducted.

We did not observe an association with cooking oils and lung cancer risk. Previous studies 

have identified strong associations between cooking oil and lung cancer risk25, 26, 31, 46, 47, 

and several studies suggested rapeseed oil24, 26, 30, 46, but this crudely refined oil has not 

been regularly used in the homes of women in this study for over 25 years. Modern cooking 

oils have become more refined and as a result, the genotoxic potential of these oils may be 

lower compared to crudely refined cooking oils identified in past studies which contained 

higher levels of PAH emissions when volatilized15. In epidemiologic studies, the measured 

effect between cooking oil and lung cancer risk has been modest (OR/RR generally less than 

2.0), thus the effect would be less pronounced in populations where the prevalence of 

exposure is low (e.g. non-occupational settings). A significant limitation of the cooking oil 

analyses was the lack of detailed information on cooking methods, such as deep frying 

versus pan frying, frequency of cooking, smoked foods, and types of dishes prepared. Also, 

the data collection method for cooking oil was broad (e.g. vegetable, soybean) and lacked 

specificity (e.g. olive, grape seed, sesame). We did not conduct an analysis on peanut oil use 

as very few women (n=2021, cases=11) ever listed their predominant cooking oil as peanut.

As with most observational studies, there may be issues of exposure misclassification as the 

questionnaire assessment of kitchen ventilation was subjective. We conducted stratified 

analyses by factors that may influence the study observations and did not find heterogeneity 

suggestive of differential bias. Future studies could be improved with detailed questions to 

determine ventilation. Household variables were treated as fixed after the baseline interview 

which may lead to possible exposure misclassification if subjects moved or modified their 

kitchen after completing the baseline interview. However, any misclassification present is 

likely to be non-differential. A lagged analysis that removed the last 10 years of exposure 

did not change the associations observed (data not shown) as the vast majority of the 

exposures that contributed to lung cancer risk (poor ventilation and coal use) occurred prior 

to 10 years before baseline. About 75% of the cohort’s residential history was covered by 

the questionnaire, but about 25% was not. However, exclusion of those who did not have 

complete residential history did not substantially alter the results (<10% difference in effect 

estimates, data not shown). Lastly, information on household heating practices was not 

collected, so an analysis was not possible. However, most homes in Shanghai do not use 

household heating and would not likely alter the results.
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In summary, this study conducted in a prospective cohort of women living in Shanghai 

suggests that exposure to coal fumes due to poor kitchen ventilation increases the risk of 

lung cancer. These findings were consistent with the notion that constituents of coal 

combustion increase the risk of lung cancer. Of note, this study observed that exposures 

which occurred many years in the past increased the risk of lung cancer. Because some 

homes in Shanghai and across China still have poor kitchen ventilation and use coal for 

cooking, intervention efforts directed at individuals likely to be exposed to cooking fumes 

(i.e. lowest socioeconomic status) may help improve indoor air quality and decrease lung 

cancer risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact

First study of home kitchen ventilation, cooking fuels, cooking oils, and lung cancer risk 

in a current, urban, and prospective population of China. Exposure to smoke from 

cooking with coal in poor ventilated conditions increased the risk of lung cancer.
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Figure 1. 
Lung cancer hazard ratios by years of poorly ventilated coal use in the Shanghai Women’s 

Health Study. Model was adjusted for age (continuous), education (elementary, middle, 

high, college), environmental tobacco (yes, no), family history of lung cancer (yes, no), 

history of non-malignant lung disease (yes, no), occupation (technical/professional, 

government/political, administrative, manufacturing), vegetable oil use (yes/no). Test for 

non-linearity = 0.97.
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Table 2

Kitchen ventilation condition, coal use, and risk of lung cancer in the Shanghai Women’s Health Study

Cases Total N HR* 95% CI

Poor Ventilation

 Never (Good/Fairly Good) 351 57251 1.00 (ref)

 Ever 78 14069 1.49 (1.15–1.95)

  >0–19.99 Years 41 6618 1.54 (1.09–2.16)

  ≥20 Years 37 7373 1.45 (1.01–2.08)

Poor Ventilation Exposure Time Window

 Never Exposed (Good/Fairly Good) 351 57251 1.00 (ref)

 Childhood Only (<20 years age) 2 573 1.13 (0.28–4.65)

 Adulthood Only (≥20 years age) 39 7746 1.37 (0.97–1.92)

 Childhood and Adulthood 37 5750 1.69 (1.19–2.42)

Coal Use

 Never (Gas Users) 159 26462 1.00 (ref)

 Ever 270 44858 1.03 (0.84–1.26)

  >0–19.99 Years 165 26717 1 (0.79–1.25)

  ≥20 Years 105 18141 1.09 (0.85–1.40)

Coal Use Exposure Time Window

 Never Exposed (Gas Users) 159 26462 1.00 (ref)

 Childhood Only (<20 years age) 8 1941 1.56 (0.76–3.19)

 Adulthood Only (>20 years age) 144 18712 1.01 (0.80–1.28)

 Childhood and Adulthood 118 24205 1.04 (0.81–1.33)

Coal Use With Poor Ventilation

 Never Coal (Gas User), Poor Ventilation (Good/Fairly Good) 152 24339 1.00 (ref)

 Ever Coal or Poor Ventilation 210 36141 0.97 (0.77–1.22)

 Ever Coal and Poor Ventilation 67 10840 1.69 (1.22–2.35)

  >0–19.99 Years 29 5483 1.39 (0.89–2.17)

  ≥20 Years 38 5357 2.03 (1.35–3.05)

Coal Use With Poor Ventilation Exposure Time Window

 Never Exposed (Gas User, Good/Fairly Good)) 152 24339 1.00 (ref)

 Childhood Only (<20 years age) 2 552 1.19 (0.29–4.97)

 Adulthood Only (≥20 years age) 36 6147 1.54 (1.04–2.30)

 Childhood and Adulthood 29 4141 2.03 (1.34–3.07)

*
Adjusted for age (continuous), education (elementary, middle, high, college), income (<10,000¥, 10,000–20,000¥, 20,000–30,000¥, >30,000¥), 

environmental tobacco (yes, no), family history of lung cancer (yes, no), history of non-malignant lung disease (yes, no), occupation (technical/
professional, government/political, administrative, manufacturing) with additional mutual adjustment for models (eg. coal model adjusted for gas 
use, etc)
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